A method has been devised for measuring the level of adenosine 3', 5'-monophosphate (cyclic AMP) newly synthesized ruring in vitro incubation of the isolated rat kidney cells with adenine-8-14C. By combined use of the BaSO4 treatment and the onedimensional ascending cellulose thin-layer chromatography with stepwise development by two solvents, newly formed or labeled cyclic AMP (14C-cyclic AMP) could completely be separated from the related radioactive metabolites in the cells.
Adenosine 3', 5'-monophosphate (cyclic AMP) is believed to be involved as a secondary messenger for many kinds of hormones to exhibit their actions in various tissues (Robison et al., 1968) . Orloff and Handler (1967) proposed that in the toad urinary bladder cyclic AMP was an intracellular mediator for the action of vasopressin. It was shown also in mammalian kidney that cyclic AMP as well as vasopressin increased the water permeability (Grantham and Burg, 1966) and that the antidiuretic hormone stimulated the adenyl cyclase to increase the synthesis of cyclic AMP (Brown et al., 1963; Chase and Aurbach, 1968) while giving no effect on cyclic nucleotide phosphodiesterase responsible for its breakdown (Senft et al., 1968) .
Studies with intact cell preparations will, on the other hand, provide for more detailed biochemical analysis of the relationship between hormones and cyclic AMP. Simple assay methods to measure the level of newly synthesized cyclic AMP in isolated cells prelabeled with adenine-8-14C were recently developed and gave much more information of hormonal actions in adipose cells (Humes et al., 1969; Kuo and De Renzo, 1969) and in lymphocytes (Novegrodsky and Katchalski, 1970) .
In the isolated kidney cells, however, hormonal effects upon the level of newly synthesized cyclic AMP have not been examined yet. In the present study, therefore, spotted on an aluminum backed thin-layer cellulose sheet (E. Merck) and developed by the stepwise technique with two solvents (Dousa and Pychlik, 1970 a, b) , first with 1 M ammonium acetate-95% ethanol (30:75, v/v) and secondly with water-saturated n-butanol. After being dried, the chromatograms were examined under ultraviolet light. Spots corresponding to cyclic AMP were cut off and each placed in a scintilation vial. The radioactivity was eluted with 50
and counted with standard toluene scintillation medium by a Beckmann Scintillation Counter. The radioactivity of 14C-cyclic AMP was corrected on the basis of the tritium counts of 3H-cyclic AMP recovered.
Results

1) Standardization
of the Radioassay Method Isolation of cyclic AMP from adenine and related compounds:
Adenine and related compounds including cyclic AMP were subjected to one-dimensional ascending cellulose thin-layer chromatography using a two-solvent system and several one-solvent systems. As seen in Table  1 , full separation of cyclic AMP was accomplished by development with the two-solvent system while all the one-solvent systems gave no successful result.
Furthermore, as shown in Table 1 , recovery of the compounds after three times repeated BaSO4 precipitation revealed the complete removal of those except cyclic AMP, adenosine and inosine in the supernatant. Mobility of each compound was expressed as a ratio of its distance from origin to that of cyclic 3', 5'-AMP. Cellulose thin-layer chromatograms were obtained by developing the alminum backed sheets with the following solvent systems: a. isopropanol-NH4OH-water (7: 2: 1, v/v); b. 1 M ammonium acetate-95% ethanol (30: 75, v/v); c. water-saturated n-butanol. An aqueous solution of each compound was treated with ZnSO4 and Ba(OH)2 after Krishna et al.,(1968) . Recovery represents percentage of the remains for each compound in the supernatant after the third BaSO4 treatment.
Therefore, combined use of the BaSO4 treatment and the thin-layer chromatography using the two-solvent system was deduced to give complete separation of cyclic AMP from adenine and related compounds. The over-all recovery of cyclic AMP after the procedures was routinely in the order of 60%. Figure 1 shows the representative chromatogram obtained after the above procedures on the reaction mixture of the isolated kidney cells labeled with adenine-8-14C. Major peaks of 14C-radioactivity were found in the areas corresponding to cyclic AMP and adenosine, while another small peak was discernible between them. A small amount of radioactivity of the latter may be due to concurrent formation of labeled inosine, because ATP was shown to be converted in a marked degree into inosine in the kidney cells (Williams et al., 1968) . First, time course of 14C-adenine conversion into 14C-ATP was studied (Fig. 2) . The conversion reached a maximum in 40min and the maximal level was maintained for the remainder of the incubation period. Duration for pre-incubating the cells with adenine-8-14C prior to hormone addition was thus settled on 60min. When chased after the preincubation, moreover, the cells was confirmed to keep as high a level of 14C-ATP as at least 25 times that of newly synthesized or labeled cyclic AMP.
Secondly, theophylline was examined for the effect on 14C-cyclic AMP level. As shown in Figure 3 , high concentrations of theophylline, an inhibitor of phosphodiesterase, increased the level of 14C-cyclic AMP, though the lower ones decreased it in rather a mild degree. Therefore, theophylline was decided to be added in routine at a concentration of 3mM in the following experiments for examining the effect of vasopressin upon the level of 14C-cyclic AMP in the isolated kidney cells.
2) Effect of Vasopressin on Level of 14C-Cyclic AMP in the Isolated Kidney Cells
In the presence of theophylline, as shown in Results for 20 min's incubation after adding theophylline were shown. Specificity of the effect of vasopressin on the 14C-cyclic AMP level in the isolated kidney cells was shown in Table 3 . Of six kinds of hormones tested, vasopressin was the only hormone which is capable of increasing the level of 14C-cyclic AMP, while the very reverse was the case with epinephrine of high concentration.
For further analysis of the effect of vasopressin, total radioactivity of 14C-cyclic AMP as above determined was divided into intracellular and extracellular parts by centrifuging the cell suspension in cold just after the incubation. As clearly shown in Table 4 , newly synthesized cyclic AMP was much more abundant in the medium than in the cells, and only in the medium could the 14C-cyclic AMP increasing effect of vasopressin be found. 
Discussion
First, we attempted to devise a new method of measuring cyclic AMP newly synthesized by the isolated rat kidney cells. Although the BaSO4 precipitation technique was reported to be effective in purifying cyclic AMP in fat cells (Kuo and De Renzo, 1969) , such was not the case with our kidney cell preparation (cf. Fig. 1) . Failure of the BaSO4 treatment is due to the fact that large quantities of adenosine and inosine can remain even after the third BaSO4 treatment (Table 1) . By combined use of the BaSO4 treatment and the cellulose thin-layer chromatography by stepwise development with two solvents, however, 14C -cyclic AMP of the kidney cell preparation was clearly separated from the related compounds (Fig. 1) . Since similar device has recently been examined in the brain slices by Shimizu et al.,(1969) , the above method would generally be appicable to the cells having large pool of adenosine and inosine.
Secondly, by using the method vasopressin was demonstrated to increase 14C-cyclic AMP level of the isolated rat kidney cells in the presence of theophylline (Fig. 4 , Table 2 and 3), though not in its absence (Fig. 4) . Kuo and De Renzo (1969) pointed out also in fat cells that norepinephrine enhanced the 14C-cyclic AMP formation only in the presence of theophylline, though Moskowitz and Fain (1970) reported that epinephrine markedly increased 14C-cyclic AMP level not only in the presence but in the absence of theophylline. Such a necessity or preference to the existence of theophylline observed in our work may be considered indicating that turnover of cyclic AMP is very rapid in the kidney cells.
Such a stimulative effect upon the level of newly synthesized cyclic AMP was found to be specific to vasopressin (Table 3) but not dependent upon doses of the hormone. With respect to this point, Marumo and Edelman (1971) found that the anti-diuretic hormone altered the renal adenyl cyclase activity in both medullary and papillary preparations, depending upon the doses added, but not in cortical one. No dose-response relation of experiment might be due largely to the fact that the preparation used was a mixture of all kinds of cells from whole renal segments. When 14C-cyclic AMP was examined for distribution in the cells and in the medium, moreover, much larger amount of 14C-cyclic AMP was found in the medium and only the accumulation in the medium was affected by vasopressin (Table 4) . Kuo and De Renzo (1969) found that cyclic AMP produced after addition of epinephrine in fat cells was rapidly released from the cells. Similar findings were reported by Moskowitz and Fain (1970) for growth hormone and dexamethazone as well as epinephrine. Although it is too early to concede that these phenomena imply physiological excretion of intracellular pool of cyclic AMP which is under hormonal regulation, the effect of vasopressin in the isolated rat kidney cells may be taken to indicate that the hormone acts as a stimulator for both cyclic AMP synthesis and its excretion from the cells. In connection with this subject, Takahashi et al.,(1966) reported that vasopressin treatment increased the urinary output of cyclic AMP in patients with diabetes insipidus and in normal subjects as well. It was also shown that cyclic AMP was excreted into the urine at enhanced rates in response to parathyroid hormone (Chase and Aurbach, 1967) and glucagon (Broadus et al., 1969) . And Hardman et al., (1971) pointed out that substantial contribution to the urinary excretion of cyclic AMP was from the kidney. Along this line, our latest experiments, though preliminary, showed that within a short 10 min the addition of vasopressin into the medium resulted in an increased release of tritium radioactivity from the isolated kidney cells prelabeled with 3H-cyclic AMP. Further studies are now undertaken to evaluate the significance of such a rapid, hormonally con-
